
Renewable and Appropriate Energy Laboratory - rael.berkeley.edu

Science and Policy for Deep Cuts in Carbon Emissions

Daniel M. Kammen

Co-Director, Berkeley Institute of the Environment
Energy and Resources Group & Goldman School of Public Policy

Department of Nuclear Engineering
University of California, Berkeley

Materials online at: http://rael.berkeley.edu

January 29, 2008



Renewable and Appropriate Energy Laboratory - rael.berkeley.edu

Outline

•The most common call for a new energy economy is for diversity
• Operationally, what does this mean?

• Energy efficiency has been the greatest success, more is needed

• Carbon accounting and pricing is essential

• A foundation for a new wave of research and development 
requires investment
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Per Capita Electricity Consumption
kWh/person
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Today’s 
Biofuel 
Industry

• Feedstocks largely food commodities
• Fuels are traditional substances
• Success depends on subsidies and mandates
• Small, but profitable and growing rapidly

Sources: US EIA, BP, RFA
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An Alternative Fuel is Not Necessarily a 
Low-Carbon Fuel, but it can be

(California Executive Order S-7-01)
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Kammen laboratory: http://rael.berkeley.edu/ebamm - version 2

From a Low Carbon Fuel Standard 
to a Sustainable Fuel Standard

Beyond carbon we must examine:

- water and nutrient demand
- compatibility with local practices

- food/fuel synergies, not competition
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Slides to follow (too large to email):

Plug-in hybrid costs/impacts
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Feedstocks that use degraded land or no 
land require advanced technologies

• Ligno-cellulosic fermentation
• Gasification & synthesis 
• Fast Pyrolysis
• Algae 
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Land Required to Satisfy Current U.S. Mobility Demand

1,200600200 400 800 1,0000
New Land Required (million acres)

CRP Land 
(30 MM)

Light Duty
Heavy Duty

U.S. Cropland 
(400 MM)

II. Corn stover (72%) -50 Feasibility of stover utilization enhanced by rotation 

I. Soy switchgrass
or large biomass soy -10

Agricultural integration
Early-cut switchgrass produces more feed protein/acre
than soy; similar benefits from “large biomass soy”

Vehicle efficiency 2.5X↑ 165

Advanced 
processing 41091 gal Geq/ton

1,030Status quo 36 gal Geq/ton, current mpg, no ag. integration, 5 tons/acre*yr

Biomass yield 2.5X↑ 65

III. Other Winter cover crops, other residues, increased productivity
of food crops, increased production on under-utilized land…

U.S. mobility demand, the largest per capita in the world, could be met from 
land now used for agriculture while maintaining food production (L. Lynd) 

Vehicle Types
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Solar Energy for  
Many Applications

Moscone Center, SF: 675,000 W

Kenyan PV market: Average system: 18W
Largest penetration rate of any nation

Residential Solar: 1000 - 4000 Watts/home
CA Million Solar Roofs Program: 

3,000 - 10,000 MW of solar to be built

California Japan
2005 Annual PV Installations 50 MW 290 MW
Average Cost for Residential System $8.8/Wac $7.4/Wac
Average Cost Reduction from 99-04 5.2%/year 8.9%/year
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Information Technology Meets Solar 
Technology: Performance Monitoring

00111001

Enphase Application
Servers

Internet

00111001

Ethernet
00111001
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• Xantrex GT3.0 versus Enphase 175W Micro-inverter
• 24 175W Suntech panels
• Panels connected in a checkerboard pattern (every other panel 

connected to the Xantrex and Enphase)
• Enphase energy production is greater by 20 - 34%

Micro-interter versus Conventional

Enphase vs Xantrex - 11/27/2007
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Enphase Micro-Inverter Solution

Panel

Inverter

Strut

240AC
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Renewable Energy Portfolio Standards (RPS)
29 states + Washington, DC, and counting

State Goal

PA: 18%¹ by 2020
NJ: 22.5% by 2021

CT: 10% by 2010

MA: 4% by 2009 + 
1% annual increase

WI: requirement varies by 
utility; 10% by 2015 Goal

IA: 105 MW

MN: 10% by 2015 Goal +
Xcel mandate of

1,125 MW wind by 2010

TX: 5,880 MW by 2015

*NM: 10% by 2011AZ: 15% by 2025                           

CA: 20% by 2010

NV: 20% by 2015

ME: 30% by 2000;
10% by 2017 goal - new RE

State RPS

*MD: 7.5% by 2019

* Increased credit for solar or other customer-sited renewables
PA: 8% Tier I (renewables)

HI: 20% by 2020

RI: 15% by 2020

CO: 10% by 2015

DC: 11% by 2022

NY: 24% by 2013

MT: 15% by 2015

*DE: 10% by 2019

IL: 8% by 2013

VT: RE meets load 
growth by 2012

Solar water 
heating eligible

*WA: 15% by 2020
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UNIVERSITY O F CALIFORN IA
BERKELE Y

REPORT OF THE
RENEWAB LE AND APPROPRIATE ENERGY
LABORA TORY

Putting Renewa bles to Work:
How Many J obs C an the
Clean Energy Industry
Generate?

by

Daniel M. Kammen
Kamal Kapadia
Matthias Fripp

of the
Energy and Resources Group &
the Goldman School of Pu blic Policy

APRIL 13, 2004

Study reviews:

• 13 studies of   
job creation 

• 3 - 5 times
More jobs per 
dollar invested 
in the 
renewables
sector than in 
fossil fuels
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Green Collar Job Creation

California

Pennsylvania

New YorkTexas

Illinois

Nevada

Other 18 states 
with an RPS

plus Federal RPS

Federal + state RPS yields 
+348,000 jobs in 2025
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Green job creation
More renewables = more jobs

Construction, 
Manufacturing, 

Installation

O&M and 
fuel 

processing

Construction, 
Manufacturing 
and Installation 

(person-yr/MWp)

Operation and 
Maintenance 
(jobs/MWp)

Fuel extraction 
and 

processing 
(person-
yrs/TWh)

PV 1 710 140 25 21% 32 0.3 0 1

PV 2 660 550 25 21% 30 1.0 0 3

Wind 1 50 30 25 35% 4 0.1 0 1

Wind 2 290 30 25 35% 22 0.1 0 2

Biomass - high estimate 50 280 25 85% 9 0.4 220 1

Biomass - low estimate 50 40 25 85% 9 0.04 40 1

Coal 30 80 40 80% 9 0.2 60 1

Gas 30 80 40 85% 9 0.1 70 4

[3] Greenpeace, 2001
[4] Kammen, from REPP, 2001; CALPIRG, 2003; BLS, 2004

Sources
[1] REPP, 2001
[2] EWEA/Green-peace, 2003

Energy Technology

Jobs
(total person-yrs/TWh)

Source of 
Numbers

Equipment 
lifetime 
(years)

Capacity 
Factor

Employment Components
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自足，
则中国基础设施和自然资源的需求将大幅降低
If SuperBlocks could be self-sufficient with respect to 
energy, water and waste, demand on China’s 
infrastructure and natural resources could be 
significantly reduced

能源
energy

用水
water

生态街区
EcoBlock

垃圾
waste
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全面系统思考
Whole Systems Thinking

风力

食物
残渣

太阳

电力

电力

化粪池

人造湿地

活机器

绿色废物 反渗透

紫外线消毒

先进的
雨水
处理

沉淀池沉淀池

雨水

城市
饮用水
供应
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厌氧
消化
池

绿色

污泥和食物

污泥

食物残渣
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Margolis & Kammen, Science, 1999
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United States’ Public and Private Sector Energy 
Research and Development Spending

Kammen and Nemet (2005) 
“Reversing the incredible shrinking energy R&D budget,” Issues in Science & Technology, Fall, 84 – 88.
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Kammen and Nemet (2005) 
“Reversing the incredible shrinking energy R&D budget,” Issues in Science & Technology, Fall, 84 – 88. 

And Nemet, dissertation, 2007

Patents and R&D Funding Correlated
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Global CO2 Abatement Opportunities

Vattenfall, 2007
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Global CO2 Abatement Opportunities

Vattenfall, 2007
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Gasoline

Air travel

Gasoline

Auto
manufacturing

Auto services

public trans.

airlines
public trans.

Electricity

Natural
gas

Other fuels

Construction

Financing
water & sewage

electricity
natural gas
other fuels

Meat

Eating out

Fruit & veg.

Snack food

cereals

Dairy
Alcohol & tobacco

Clothing
Household equip.

entertainment.
cleaning supplies.

furniture.

healthcare
giving

education

Transportation Housing Food Goods Services

Summary of GHG Emissions for Typical U.S. Household 
(LEAPS Results) 50 Metric tons of CO2 equivalent gases

Indirect
Direct44%

56%
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